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(A) EXAMPLE OF SETTING KEY CHARACTER STRING WHEN VALUE OF KEY TEM IS 
CHARACTER STRING ai" (THREE JAPANESE CHARACTERS) 

GEE 168 OF CHARACTER UNIT 

SS CODE 9578 OF KEY CHARACTER STRING k-Str FIRST CHARACTER 95 
CHARACTER '' (ONE 78 
JAPANESE CHARACTER) 8E 

6D. 
92 
CA 

9 

THRD CHARACTER 
FORTH CHARACTER 
FIFTH CHARACTER 
SXTH CHARACTER SS CODE 8E6D OF 

CHARACTER'' (ONE 
JAPANESE CHARACTER) 

SS CODE 92.0F OF 
CHARACTER '' (ONE 
JAPANESE CHARACTER) MAXIMUM NUMBER OF TRANSiTION STATES 65536 25616 

(B) EXAMPLE OF CONFIGURATION OF p-TH CHARACTER RECEPTION STATE TRANSiTION 
TABLE WHEN KEY CHARACTER STRING k-Str S A 4-B CHARACTER 

tid (p+1) 
y 

A yyyy 

i (p-1)TH XXXX 
p- re STATE TRANST CHARACTER p-TH CHARACTER STATE TRANSiTION TABLE tid (p) if (p+1)TH 

TRANSiTION TABLE id tid (p)=xxxx STATE 
TABLE GCHARACTER O RECEPTION TRANSiTION tid (p+1)=yyyy TRANSiTION 

DESTINATION TABLE 
CHARACTER RECEPTION TRANSON NULL 

DESTINATION 
(OCHARACTER 2 RECEPTION TRANSiTION tid (p+1)=zzzz 

DESNATON 

tid (p+1) 

g 

CHARACTER F RECEPTION TRANSiTION G 
X DESTNATION iZZZZO 

“...TRANSiTION SOURCE TABLE id is tid (p-1)-WWWW -1:xxxx 
NUMBER OF ice-1)TH 

a FINAL TRANSiTION STATE FLAG RECEIVED CHARACTER 
: RECORDS = 18 ii STATE 

: TRANSiTION 
TABLE RECEIVED RECORD IDENTIFIER LIST (i28, ... 6285) 

RECEIVED RECORD AUXLARY ( ) 
NFORMATION ' ' ' ' ' ' ' ' ' ' ' ' 
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(A) EXAMPLE OF STRUCTURE OF DATA d 
RECORD IDENT FER rid = 1 - KPART CODEX15KNAMEX (FOUR JAPANESE CHARACTERS) 

KFSCAL YEAR N WHCH THE PERSON ONED THE COMPANYX90 
KSALESX900KR-ENDX 

RECORD DENT FER rid = 2 - KPART CODEXO1kNAMEXE-FS (FOUR JAPANESE CHARACTERS) 
KFSCAL YEAR N WHICH THE PERSON JOINED THE COMPANYX90 
KSALESX900KR-ENDX 
kPART CODEX15KNAMEXEift (FOUR JAPANESE CHARACTERS) 
KFSCAL YEAR IN WHCH THE PERSON JOINED THE COMPANYX92 
kSALESX605KR-ENDX 
KPART CODEX07KNAMEXkBEs (FOUR JAPANESE CHARACTERS) 
{FSCAL YEAR IN WHICH THE PERSON JONED THE COMPANYX95 
KSALESX850KR-ENDX 
KPART CODEXO2KNAMEX:S (THREE JAPANESE CHARACTERS) 
KFSCAL YEAR N WHICH THE PERSON ONED THE COMPANYX97 
KSALESX605{RENDX 

RECORD IDENTIFER rid c Rimax r s a KR-ENDX 

(B) EXAMPLE OF SETING KEY CONDITION kc 

KEY PRIORITY 1 12 13 
KFSCAL YEAR N WHCH THE KEY TEM NAME KSALESX spip. KPART CODE 

SORT MODE DESCENDING ORDER ASCENDING ORDER SPIN 

DATA TYPE TYPE = NUMBER TYPE = NUMBER TYPE = 
O SUPPRESS CAN BE SET O SUPPRESS CANNOT BE SET CHARACTER 
DECAL NUMBER CAN BE SET DECMA NYMBER CANNOT BE SE SRNG 
POSITIVE/NEGATIVE SIGN CAN BE POSITIVE/NEGATIVE SIGN CANNOT 
SE BE SET 
ARGUMENT INDEX REPRESENTATIONARGUMENT INDEX REPRESENTATION 
CAN BE SET CANNOT BE SET 
SPACE NSERON CAN BE SET SPACE INSERTON CANNO BE SET 
FULL/HALF SZE CHARACTERS CANFULL/HALF SIZE CHARACTER 
COEXIST CANNO COEXIST 

MAXIMUM NUMBER 
OF CHARACTERS 

(C) EXAMPLE OF PRE-PROCESSING KEY DATA BASED ON KEY CONDITION kc 
KEY CHARACTER NUMBER OF 

KEY CONDITION ko IKEY DATA INPUT CHARACTER STRING IN CHARACTERS 
St. RCER-123.456 x2D3132332E343536 x2D3132332E343536 16 

2. 8 
15 

EOF 

x32 XC0000002 
x3135 

O3 x3033 
-23.456 x2D3132332E343536 

XCO80000F 
xC0000003 
x481E240 

TYPE = NUMBER 

NTERNAL CHARACTER STRING CHANGE SPECIFICATION OF NUMBERTYPE: FLOATING PONT FORMAT 
SGN PORTION BIT NEGATIVE = 0, POSITIVE = 1 (+) 
INDEX PORTON INDEX SIGN PORON 1 BT NEGATIVE = 0, POST VE = 1 (k) 

INDEX ABSOLUTE NUMBER 7 BS 
ARGUMENT PORTION ARGUMENT INTEGER VALUE 23 BTS 
(c) NDICATES DIFFERENCE FROM COMMON ANSI/IEEE STANDARD 754 FLOATING POINT 
FORMAT. 

F I. G. 4 
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(A) EXAMPLE OF DATA STRUCTURE OF ORDER WALUE TUPLE j-tp| AND PLURAL ORDER WALUE UPLE 
RECORD FIRST PRORTY KEY SECGND PRORY KEY K- PRORY KEY 
IDENTIFIER rid ORDER WALUE jva (1) ORDER WALUE jval (2) ORDER WALUE jva (K) 

(B) EXAMPLE OF STRUCTURE OF SOR ORDER SORT TABLE s-st 

ORDER WALE jval RECORD DENFER rid 

30 
is 

NOTE) NORMALLY, SAME ORDER WALUE 
jwa CAN CORRESPOND TO A 
PLURALTY OF RECORD IDENT FERS 
rid 

FRS PRORY SECON PRORY 
KEY KEY 
LOST ORDER LOST ORDER 
KEY VALUE KEY WALUE 
LAG jwal FLAG jval 

497 

RECORD 
IDENT FER 
rid 

LOST ORDER 
KEY WALUE 

jwal 

106 

532 

NOTE) VALUES OF max (1), max (2), ..., max (K) ARE DETERMINED NORDER 
WALUE TUPLE GENERATING STEP 

F I. G. 5 
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(A) EXAMPLE OF OPERATIONS IN N ALZNG STEP (STEP S11 N. F. G. 1) 

RECORD DENTFER SETTING UNT 1 SETS AREA OF RECORD IDENT FER SETING TABLE rid-t, ANB 
RESETS READ RECORD NUMBER WARIABLE rr (rr -0). 
KEY DATA PRE-PROCESSING UNET 2. READS AND STORES KEY CONDITION kc. 
NUMBER OF KEY TEMS IS OBTANED FROM KEY DATA PRE-PROCESSING UNIT 2, AND AREA OF RECORD 
ORDER SORT TABLE r-st S SE. 
AREA OF SORT ORDER SORT TABLE s-St. S SET. 
k-TH PRIORITY KEY NITAL STATE TRANSiTION TABLE tid-k(0) .S SET. tid-k(0) = iiii (k) 

(B) EXAMPLE OF OPERATION IN RECORD IDENTIFIER SETTING STEP (STEP S14 SHOWN IN FIG. 1) 

READ RECORD NUMBER WARIABLE rr-rr) + 1 (INCREMENT). 
RECORD IDENTIFIER ride-rrl, StARTING ADDRESS OFFSET VALUE, AND RECORD LENGTH ARE SET IN 
RECORD IDENTIFIER SETTING TABLE rid-t. 
RECORD IDENT FER ride-rrl SENTERED IN RECORD ORDER SORT TABLE r-st. 

(C) EXAMPLE OF OPERATIONS IN LOST KEY PROCESSING STEP (S110 N. F. G. 1) 

LOST KEY FLAG |S SET IN RECORD IDENTIFIER rid ROW OF RECORD ORDER SORT TABLE r-st. 
ADDING 1 TO FINAL TRANSiTION STATE FLAG COLUMN OF k-TH PRIORITY KEY NITIAL STATE 
TRANSiTION TABLE tid-k(0), AND RECORD IDENTIFIER rid IS APPENDED TO RECEIVED RECORD 
IDENT FER LIST COLUMN. 

(D) EXAMPLE OF STRUCTURE OF RECORD IDENT FER SETTING TABLE rid-t 
STARTNG ADDRESS 

RECORD IDENT FER rid OFFSET WALUE RECORD LENGTH 

o is 

as as 
1so as 
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KEY CHARACTER STRING k-str = c (1), C (2) ---c (C) 
START NOTATION: ae-W INDICATES THAT 

VALUE W S ENTERED IN AREA a, 
AND THE CONTENTS OF AREA a S 

S71 DESCRIBED AS al. THEREFORE, 
a=v. 

CHARACTER POINTER cp-0 
TABLE POINTER tpc-tid-k(0) 

tp {x} -v INDICATES THAT WALUE 
W SENTERED IN COLUMN X OF 
TABLE POINTER tp. THEREFORE, 
(tp (x)=y. 

=iiii (k) 

NO 

tp (CHARACTERIc (cp) RECEPTION 
TRANSiTION DESTINATION} ] = " ? 

S79 

TABLE POINTER tp. 
INDICATES tid-K (C). 
1 SADDED TO FINAL 
TRANSiTION STATE FLAG 
COLUMN OF TABLE tp, 
AND WALUE Irri S 
APPENDED TO RECEIVED 

OBTAINING NEW SATE TRANSIT ON TABLE 
GENERATION ADDRESS=aaaa 
GENERATING cp-TH CHARACTER STATE TRANSiTION 
TABLE tid-k(cp) 
ENTERING tid-k (cp)=aaaa IN TABLE id COLUMN 
ENTERING Itp TRANSiTION SOURCE TABLE id 
COLUMN 

RECORD IDENTIFIER 
LIST COLUMN. 
RELENANT DATA IS SET 
N RECEIVED RECORD 
AUX LARY INFORMATON 
COLUMN. 

ENTERING VALUE tid-k (cp)=aaaa N CHARACTER 
c (cp) RECEPTION TRANSiTION DESTINATION 
COLUMN OF TRANSiTION SOURCE TABLE (TABLE id 
tp)=tid-k (cp)-1) 
Itp (CHARACTERc (cp) RECEPTION TRANSiTION 
DESTINATION=aaaa 

S78 
1. irl- tpe-tp (CHARACTER (c(cp) RECEPTION tp(-aaaa-tid-k (cp) TRANSTON DESTINATION 

TABLE POINTER tp S SET FOR NEXT CHARACTER. C END D 
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START 

tpe-tid-k(0), CODE INDEX code4-0 
SAME ORDER WALUE COUNTER scounte- Itp (FINAL 
TRANSiTION STATE FLAG 
jvalwk=max (k) - Rimax-scount +1 

S84 

S 
S83 

ridwk-tp RECEIVED RECORD DENT FER LIST at scount 
TRANSFERRING ORDER WALUE TUPLE WORK j-tpwk TO RECORD 
ORDER SORT TABLE r-st 

S85 

jind-O (ASCENDING ORDER) 
jinde-max (k) (DESCENDING ORDER) 

S86 

code=X10 
code4-code +1 

tp CHARACTER code RECEPTION 
TRANSTON DESTNATON i = "" 

S89 NO UNPROCESSED BRANCH 

push (tp, code) 

tp:- 
Itp CHARACTER code) 
RECEPTION TRANSON 
DESTINATION} ) 
Code6-0 

S88 

S812 

pop (tid, code) 
S813 

YES 
popped tid=null ? 

NO S814 

tpé-popped tid 
code-popped code) 

GENERATING ORDER 
WALUE TUPLE j-tp1 C END D 
GENERATING SORT TABLE 
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INPUT: ORDER WALUE INDEX jind, SORT MODE FLAG sm (k), TABLE POINTER tip 
OUTPUT: ORDER WALUE TUPLE j-tpi (ORDER WALUE TUPLE WORK j-tplwk) 

RECORD ORDER SORT TABLE r-st, SORT ORDER SORT TABLE s-st (OPTIONAL) 
ORDER WALUE INDEX jind 

START 
S91 

SAME ORDER WALUE COUNTER scounte- Itp FINAL 
TRANSiTION STATE FLAG 
jvalwk-jind +1 (ASCENDING ORDER) 
jvalwk-jind-scount (DESCENDING ORDER) 

S92 

ridwk-tp RECEIVED RECORD IDENT FER LIST at scount 
GENERATING ORDER WALUE TUPLE WORK j-tpwk (ridwk, jvalwk) 

TRANSFERRING (ridwk, jvalwk) TO RECORD ORDER SORT TABLE 
r-St. 
IF K-1, THAT IS, IF THERE IS ONE SORT KEY. (ridwk, jvalwk) 
S TRANSFERRED TO SORT ORDER SORT TABLE s-St. 

S96 

jinde-jind+scount (ASCENDING ORDER) 
jinde-jind-scount (DESCENDING ORDER) 
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1. 

DATA SORT METHOD, DATA SORT 
APPARATUS, AND DATA SORT PROGRAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the data sort technology 

of ordering records by comparing the values of the records 
corresponding to items specified as sort keys in a large 
amount of record data constructing a large number of 10 
records comprising a plurality of items, and more specifi 
cally to the data sort technology of character string data 
having a record structure in CSV (Comma Separated Value) 
format data and text format data such as an XML (Extensible 
Markup Language) document. 

2. Description of the Related Art 
Conventionally, data sort methods can be selection sort, 

insertion sort, bubble sort, Shell sort, quick sorts, etc. In 
these methods, a record, which is a unit for a sort, is 
compared individually. Therefore, it is necessary to repeat- 20 
edly read the same records each time a sorting process is 
performed, and the time required to perform the sorting 
process increases in progression with an increasing number 
of records. Normally, assuming that the number of records 
is n, the time required to perform a sorting process in each 25 
method can be expressed by the following equation. 

Simple selection method: n to the 2nd power 
quick Sort: n log n-n to the 2nd power 
insertion sort: n to the 2nd power 
(in case of a large number of records) 
bubble sort: n-n to the 2nd power 
Shell sort: in to the 1.5th power-n to the 1.25th power 
Thus, in the conventional data sort methods, the time 

required to perform the process of Sorting a large amount of 
record data increases in progression with an increasing 35 
number of records, thereby causing the problem that the 
integrity and servability of data can be badly damaged. 

15 

30 

SUMMARY OF THE INVENTION 
40 

The present invention aims at providing a data sort 
method, apparatus, and program capable of obtaining a 
desired sorting order value by reading records only once. An 
aspect of the present invention is a data sort method of 
ordering records in an ascending or descending order by 45 
specified sort key item, and is configured by: an automaton 
generating step of generating an automaton which accepts a 
character String of a sort key item of each record, and 
associates its final transition state with a corresponding 
record identifier, and an order value tuple generating step of 50 
generating an order value tuple which is a set of an order 
value of the records ordered in ascending or descending 
order by Scanning the automaton with a corresponding 
record identifier. 

55 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an example of a flowchart of the operations 
in the data sort method according to the present invention; 

FIG. 2 is a block diagram of the function of the data sort 60 
apparatus according to the present invention; 

FIG. 3 shows an example of generating an automaton 
using a state transition table; 

FIG. 4 shows an example of setting the structure of input 
data d and key condition kc; 

FIG. 5 shows an example of the data structure of a sort 
table; 

65 

2 
FIG. 6 shows an example of an operation of preparing for 

the generation of an automaton, and an example of the 
structure of a record identifier setting table rid-t; 

FIG. 7 shows an example of a flowchart of the operations 
of the automaton generating step; 

FIG. 8 shows an example of a flowchart of the operations 
of the sort table generating step; and 

FIG. 9 shows an example of the operations of the order 
value tuple j-tpl generation and the sort table generation 
routines. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present invention are 
described below by referring to the attached drawings. 
As shown in FIG. 1, the present invention is realized by: 

an automaton generating step (step S111) of generating an 
automaton which accepts a character string of a sort key item 
of each record, and associates its final transition state with 
a corresponding record identifier; and an order value tuple 
generating step (step S115) of generating an order value 
tuple which is a set of an order value of the records ordered 
in ascending or descending order by Scanning the automaton 
with a corresponding record identifier. 

That is, in the case of the data sort apparatus configured 
as shown in FIG. 2, after performing the pre-process of 
applying a specified key condition kc to input data d, an 
automaton generating unit 3 obtains a record identifier rid 
for identification of an input record from a record identifier 
setting unit 1, and obtains a key character String k-str 
corresponding to the value of the specified key in the record 
from a key data pre-processing unit 2 in step S111. 
The automaton generating unit 3 generates an automaton 

am for reception of the key character string k-Str for all 
records to be processed in the sorting operations. An 
automaton am is a set of State transition tables having 
hierarchical levels for characters (maximum number of 
digits for variable length) of the key character String k-str, 
and the tables are linked to one another, and form a tree 
structure with the initial state transition table (00) as a root 
as shown in FIG. 2. 

In the present embodiment, the automaton am records a 
corresponding record identifier in the final state transition 
table indicating the final transition state in which each key 
character string k-str is received. Therefore, the record 
identifiers rid of all input records are recorded in any of the 
state transition tables. 

Then, an order value tuple generation unit 41 in the sort 
table generating unit 4 scans the data from the root of the tree 
structure of the automaton am in the order of states by depth 
in step S115, and obtains the record identifier rid recorded in 
the state transition table obtained in the scanning process. At 
this time, the order value jval is associated with the record 
identifier rid in the scanning order. Thus, the order value 
tuple generation unit 41 can generate an order value tuple 
j-tpl which is a set of an order value jval and the corre 
sponding record identifier rid. In addition, when a data sort 
can be completed relating to all records, the process of the 
order value tuple generating step in step S115 is performed, 
and the sort order sort table s-st in which all order value 
tuples j-tpl are arranged by order value jval in ascending or 
descending order is to be generated. If there are a plurality 
of sort key items specified by a key condition kc, then, for 
example, K automatons am are generated for each sort key 
item when the first, second, . . . . and K-th priority key are 
set. In this case, each time one record is read, the automaton 
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generating step in step S111 is looped K times, and the K 
automatons am are updated and developed. After all records 
have been read, the sort table generating step in step S115 
are also looped K times, the K automatons am are sequen 
tially scanned, and a record order sort table r-st in which 
record identifiers rid are arranged in ascending or descend 
ing order is generated. 

In the generated record order sort table r-st, a plurality of 
order value tuples structuring each of the first priority key 
order value jval (1), the second priority key order value jval 
(2). . . . . and the K-th priority key order value jval (K) are 
obtained for each record. Regarding the plural order value 
tuples j-tpl as a character string, that is, a plural order value 
key character string, the automaton generating unit 3 is 
provided with a plural order value key character string for 
each tuple in the record order sort table r-st, an automaton 
which receives them is generated (by applying step S111), 
and the automaton is provided for a sort table generating unit 
4 for a scanning process (by applying step S115). Then, a 
general order value tuple which is a set of a general order 
value newly assigned in a general order for the plurality of 
Sort keys and the corresponding record identifiers is gener 
ated. Therefore, in the above mentioned case, the process in 
step S115 corresponds to a general order value tuple gen 
erating step. From the obtained general order value tuple, a 
general sort order sort table s-st is obtained, thereby com 
pleting a data sort for a plurality of sort keys. Since a desired 
sort order value can be obtained by reading all records only 
once, the process speed is much higher than in the conven 
tional technology. 

Furthermore, as shown in step S14 in FIG. 1, by setting 
a record identifier setting step in which a tuple of associating 
a starting address of a record with a record identifier 
identifying the record is recorded for each of the records 
read from the input data, a record identifier rid can be 
assigned although there is no explicit record identifier in the 
data d, thereby extending an application scope of the present 
invention. 

In addition, as shown in step S19 in FIG. 1, by setting a 
key data pre-processing step in which input sort key item 
data is converted into a key character string k-str suitable for 
the automaton generating process depending on the key 
condition kc relating to the data sort method for each of the 
specified sort key items, the data type and the number of 
digits of the sort key item data can be converted so that a 
Sorting process can be successfully performed, thereby 
extending the scope of the sortable data d. 

Described above is the outline of the embodiments of the 
present invention, and the practical examples are described 
in detail below. 

First, an example of the structure of an automaton, which 
is a central component of the present invention, is explained 
below by referring to a practical example shown in FIG. 3. 
As the automaton am is described above by referring to the 
tree structure shown in FIG. 2, the automaton am is a set of 
a plurality of state transition tables and presents the state 
transition by receiving a key character string k-str. That is, 
a state transition table is assigned to each node, and an arrow 
linking nodes corresponds to each character of the key 
character string k-str. The number of state transitions cor 
responds to the number of arrows linking one state transition 
table with another state transition table. In the automaton 
am, a state transition occurs depending on the type of a 
possible value of each character in the key character string 
k-str. Therefore, the number of state transitions per character 
in the automaton am depends on the length of the bit length 
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4 
per character of the key character string k-str, which is 
explained below with reference to FIG. 3A. 

FIG. 3A shows an example of setting a key character 
String k-str when the value of a key item is a character string 

is driá (three Japanese characters). In this example, these 
Japanese characters are represented by an SJIS code, and 
expressed by a bit string formed by a total of 48 bits of three 
characters each occupying two bytes (16 bits). Assuming 
that the number of bits for one character (bit unit for one 
character) of key character string k-str is 16, the first 
character is represented by x9578, and the maximum tran 
sition state number per character is 65536. Similarly, assum 
ing that the bit unit for one character is 8, the first character 
is X95, and the maximum transition state number per char 
acter is 256. Assuming that the bit unit for one character is 
4, the first character is X9, and the maximum transition state 
number per character is 16. Thus, the structure of the 
automaton am depends on the bit unit per character of a 
received key character string k-str. According to the present 
embodiment, the bit unit per character of a key character 
String k-str is defined as 4, but the automaton am for 
receiving a character string of a key item is not limited to this 
application. 

FIG. 3B shows an example of the configuration of the p-th 
character reception state transition table tid (p). The table id 
column includes an identifier identifying the table, and 
simultaneously records the access address XXXX to the table. 
The characteri reception transition destination column (i-0. 
1. . . . . F) includes a pointer to the (p+1)th character state 
transition table tid (p+1) to which the transition is performed 
when the contents of the p-th character of the key character 
string k-str are i. In the example shown in FIG. 3B, the 
pointertid (p+1)-yyyy is entered in the character 0 reception 
transition destination column, and the (p+1)th character state 
transition table tid (p+1)-yyyy is linked. Although the 
character reception transition destination is null ( ), it 
indicates that the automaton am does not receive the key 
character string k-str of the p-th character 1. (That is, in the 
present embodiment, it is indicated that such a key character 
string k-str does not exist.) 
The transition source table id column includes a pointer to 

the (p-1)th character state transition table tid (p-1), which 
is the transition source to the table, and is represented by 
wwww in the example shown in FIG. 3B. Although the root 
of the tree of the automaton am is the initial state transition 
table tid (0), it is obvious that the transition source table id 
column in the initial state transition table tid (0) is null (). 
The final transition state flag column contains a flag 

indicating existence of the record having the key character 
String k-str using the table as the final transition state. If the 
value of the column is 0, there is no record using the table 
as the final transition state. According to the present embodi 
ment, the final transition state flag is also used as a received 
record number counter. That is, the value in the final 
transition state flag column indicates the number of records 
of the key character string k-str using the table as the final 
transition state. In the example shown in FIG. 3B, 18 records 
are received using the table as the final transition state. That 
is, 18 different records have the same key character string 
k-str. 
A received record identifier list column indicates the list 

of the record identifiers rid of the 18 records. In addition, a 
received record auxiliary information column includes the 
auxiliary information about the 18 records corresponding to 
the list of the received record identifier list columns. The 
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auxiliary information refers to relevant information about 
the starting address, the record length of a corresponding 
record, etc. 

Described below is an example of the data sort apparatus 
using the above mentioned automaton am. 

FIG. 2 shows the configuration of the data sort apparatus. 
As shown in FIG. 2, the data sort apparatus is externally 
provided with data d and a key condition kc, and starts its 
operation. The data d is a data set containing a number of 
records, and the key condition kc specifies the condition of 
the key item in sorting records of the data d. An example of 
setting the structure and the key condition kc of the data d 
is shown in FIG. 4 and described below. 

FIG. 4A shows an example of the structure of data d. As 
shown in FIG. 4A, the data d is represented in the text format 
in which a tag character string <R-END> forms the record 
structure, and an item is identified and delimited by a tag 
character string enclosed in inequality signs in the record. In 
the example shown in FIG. 4A, a record is formed by the 
data comprising four items, that is, a part code, a name, the 
fiscal year in which a person joined the company, and the 
sales. In this example, there is no record identifier rid 
identifying each record in the data. In FIG. 4A, the first 
record is defined as a record identifier rid=1, the second 
record is defined as a record identifier rid=2,..., and the 
last record is defined as a record identifier rid=Rimax, thus 
forming data comprising a total of Rimax records. 

FIG. 4B shows an example of setting a key condition kc. 
The key condition kc sets a key priority, a key item name, 
a sort mode, a data type, and the maximum number of 
characters. The key priority is a priority assigned to each key 
item when a plurality of key items are set. In the example 
shown in FIG. 4B, three key items <sales>, <fiscal year in 
which a person joined the company>, and <part code> are 
set in this order of priority. The sort mode specifies ascend 
ing/descending order. In the example shown in FIG. 4B, 
descending order is specified for the <sales>, and ascending 
order is specified for the others. 
The data type can be a number type and a character type. 

The character type data simply specifies the key item data as 
a character string. That is, the key character strings k-strican 
be obtained by segmenting a bit string of key item data in 
4-bit units. For example, in the character string -123. 456 
shown in FIG. 4C, the key character string k-str specifying 
it as a character string is formed by 16 characters 
X2D3132332E343536. 
On the other hand, the number type specification requests 

the key item data character String indicating a number, and 
to compare data as a number in a sorting process. Therefore, 
the key data pre-processing unit 2 interprets a number 
indicated by the key item data character string, and converts 
it into a comparable key character string k-Str in a standard 
character string. Since the numbers can be represented as 
Zero-suppressed numbers, with a decimal point, with a 
positive/negative sign, for argument index representation, 
with a space inserted, with full and half size characters 
mixed, etc., the key data pre-processing unit 2 interprets and 
converts them into standard internal character strings. 
The internal character string conversion specification for 

the number type is represented in a 4-byte (32-bit) floating 
point format, and is formed by a 1-bit sign portion, an 8-bit 
indeX portion, that is, a 1-bit index sign portion and a 7-bit 
index absolute value, an argument portion having a 23-bit 
argument integer. In a sign portion and an index sign portion 
0 indicates a negative and 1 indicates a positive. For 
example, when a number type is specified, the character 
string -123. 456 shown in FIG. 4C is x4181E240 of an 
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6 
8-character string in key character String k-str. It is different 
from the floating point format of the common ANSI/IEEE 
standard 754, but reflects the collating sequence of a number 
of the bit sequence of the 4-byte and 8-character key 
character string k-str. 
When the maximum number of characters is set as a key 

condition kc, a sorting process is specified with an excess 
character string that is ignored if the key item data exceeds 
the maximum number of characters. The maximum number 
of characters refers to the number of characters as data, and 
does not refer to the number of characters of a key character 
string k-str. As described above, each setting of a key 
condition kc can be set by default except a key item name, 
and can be changed by inputting a specified value. 

Described below is a sort table. The data sort apparatus 
sequentially generates an order value tuple j-tpl, which is a 
set of a record identifier rid and an order value jval indicat 
ing the order of a sorting result of the record as described 
later, and accumulates them in a sort table. In this example, 
two sort tables, that is, a sort order sort table s-standa record 
order sort table r-st, are included, and an example of the 
structure is shown in FIG. 5. 

FIG. 5A shows the structure of the order value tuple j-tpl. 
The order value jval is also referred to as a plurality of order 
value tuples because it is generated for each key item when 
there are a plurality of specified sort key items. Since a set 
of order values jval (k) (k=1,2,..., K) in a key specified 
as the k-th priority key by the key condition kc corresponds 
to a record identifier rid, the order value tuple j-tpl as shown 
in FIG. 5A can be obtained. Such data is accumulated in 
ascending order of order values jval with a specified order 
value jval remarked as the sort order sort table s-st shown in 
FIG. 5B. Normally, the same order value jval can correspond 
to a plurality of record identifiers rid as shown in FIG. 5B. 
That is, a plurality of records appear having the same order 
values, that is, without arranging them in any order. 

FIG. 5C shows an example of the structure of the record 
order sort table r-st. It is a table on which a plurality of order 
value tuples as shown FIG. 5A are accumulated in ascending 
order of record identifiers rid. In the present embodiment, 
the row of each record identifier rid has a lost key flag 
column corresponding to an order value jval column. A lost 
key indicates that no specified key item exists when a 
specified key of a corresponding record is searched for, or 
that the item exists, but the item data is a null value. The 
details are described later, but when a lost key check is 
carried out in the data sort apparatus according to the present 
invention and a lost key is detected, a lost flag is set in the 
lost key flag column of the record order sort table r-st. In 
FIG. 5C, a lost key flag is set in the lost key flag column for 
the first priority key of the record identifier rid=3 and the 
second priority key of the record identifier rid=6, etc. 

Various implementations can be prepared to solve the 
problem of the above mentioned lost key. According to the 
present embodiment, the record is assumed to have the 
largest order value jval of the key. That is, regardless of 
ascending or descending order, these records are assumed to 
be sorted in the lowest order. In FIG. 5C, the lowest order 
value jval is represented as max (k), but the value is 
determined in the order value tuple generating step as 
described later. 

With the above mentioned information taken into account, 
the operations of the data sort apparatus according to the 
present invention are described below by referring to the 
flowchart of the operations shown in FIGS. 1, 6, 7, 8, and 9. 
FIG. 1 shows an example of a flowchart of the operations 
performed in the data sort method according to the present 
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invention. The process in step S113 is an initializing step, 
and FIG. 6A shows the detailed operations. 

First, the record identifier setting unit 1 sets an area of a 
record identifier setting table rid-t shown in FIG. 6D. Then, 
the record identifier setting unit 1 resets a read record 
number variable rr (rre-0). Based on the read record number 
variable rr, the record identifier setting unit 1 issues a record 
identifier rid corresponding to each record read by the unit 
in the record identifier setting step (step S14) described later. 
The key data pre-processing unit 2 reads and stores a key 
condition kc. Then, the record identifier setting unit 1 
obtains the number of key items from the key data pre 
processing unit 2, sets an area of the record order sort table 
r-st described above by referring to FIG. 5, and sets an area 
of the sort order sort table s-st. In this example, these areas 
are only reserved, and the values are all null-cleared. Then, 
the record identifier setting unit 1 generates a k-th priority 
key initial state transition table tid-k (0) (k=1, 2, . . . . K). 
When three key items are set as shown in FIG. 4B, K=3, and 
a first priority key initial state transition table tid-1 (0)=iiii 
(1), a second priority key initial state transition table tid-2 
(0)=iiii (2), and a third priority key initial state transition 
table tid-3 (0) iiii (3) are generated. iiii (k) is an address and 
a table id of each initial state transition table tid-k(0). 

Then, the common control unit (not shown in FIG. 2) of 
the data sort apparatus reads one record of the data d in step 
S12 as shown FIG.1. If the end of the file is not reached in 
step S13, the operation of the record identifier setting step is 
performed in step S14. In this example, as shown in FIG. 6B, 
the read record number variable rr is first incremented 
(rre-rr+1), the result is set in the record identifier rid 
column of the record identifier setting table rid-t shown in 
FIG. 6D (record identifier ride-rr), and the starting address 
offset value, and the record length is set. The record iden 
tifier setting table rid-t is used as an index to directly access 
the record by the record identifier rid. 

Thus, since the record identifier rid for the record is set, 
the record identifier ride-rr is entered in a predetermined 
row of the record order sort table r-st whose area has already 
been set. Then, the processes in steps S15, 16, and 17 are a 
loop control to transfer to the process of the k-th priority key 
(k=1, 2, . . . . K). In step S18, the key data pre-processing 
unit 2 checks whether the k-th priority key exists in the 
record, or whether the key data is a null value. If a lost key 
is not detected, the key data pre-process is performed in step 
S19. This process is, as described above with reference to 
FIG. 4C, to convert key data into a key character String k-str 
based on the key condition kc of the k-th priority key. If a 
lost key is detected in step S18, control is passed to step 
S110, and the operation of the lost key processing step 
shown in FIG. 6C is performed. 

In the operation, the key data pre-processing unit 2 first 
sets a lost key flag in the lost key flag column of the k-th 
priority key corresponding to the record identifier rid of the 
record order sort table r-st shown in FIG. 5C. Then, the final 
transition state flag column of the k-th priority key initial 
state transition table tid-k (0) is incremented by 1, and the 
record identifier rid is appended to the received record 
identifier list column. That is, a record including a lost key 
is sorted by entering it in the received record identifier list 
column of the initial state transition table tid-k (0) of the 
automaton am of the key. 

Back in FIG. 1, when the key character string k-str is 
normally obtained, control is passed to step S111. In this 
step, the automaton generating unit 3 updates the automaton 
am corresponding to the k-th priority key as shown in FIG. 
7. An example of an operation updated Such that the automa 
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8 
ton am can newly receive the key character string k-stric 
(1), c (2). . . . . c (C) is explained with reference to FIG. 7. 

First, in step S71, the automaton generating unit 3 resets 
the character pointer cp for retrieval of the key character 
string k-str of the k-th priority key, and sets the table pointer 
tp for retrieving the state transition table from the automaton 
am of the k-th priority key to point to the root of the 
automaton am (that is, the initial state transition table tid-k 
(0)). Then, in steps S72 and S73, the character pointer cp is 
advanced one step at a time to control the loop until the final 
character is reached. When the cp-th character c (cp) exists, 
control reaches step S74. When all characters are processed, 
control is branched to step S79. In step S74, the automaton 
generating unit 3 checks the codec (cp) i of the character 
c (cp), and checks whether the character i reception transi 
tion destination column of the State transition table tp is null. 
If it is null, the key character string k-Str has not been 
received yet. Therefore, a new state transition table is 
generated corresponding to the character string in step S75. 
That is, the automaton generating unit 3 obtains a new state 
transition table generation address-aaaa, generates the cp-th 
character state transition table tid-k (cp), and enters tid-k 
(cp)=aaaa in the id column of the table. Additionally, the 
original state transition table pointer value tp is entered in 
the transition Source table id column. Correspondingly, the 
value tid-k (cp) aaaa is entered in the character c (cp) 
reception transition destination column of the transition 
source table (table idtp=tid-k (table of cp-1)) in step 
S76. It refers to rewriting the tp characteric (cp) reception 
transition destination determined to be null in step S74 
into the value aaaa. 

Thus, since up to the c(cp)-th character in the key char 
acter string k-Str has been received, the table pointer tp is 
advanced to the state transition table generated in step S75 
to check the next character in step S77. On the other hand, 
if the Itp:{characteric (cp) reception transition destination 
is not null in step S74, there is a state transition table which 
has received the character, and the address of the state 
transition table is obtained. Therefore, in step S78, the 
automaton generating unit 3 sets the address as a table 
pointer tp. 

In step S77 or S78, the table pointer tp is set for the next 
character, control is returned to step S72, the character 
pointer cp is advanced by one to process the next character. 
This operation is performed on all characters, and control is 
passed to step S79 when the operation is completed. At this 
point, the state transition table indicated by the value tid-k 
(C) of the table pointer tp shows the final transition state in 
which the key character string k-str is received. Therefore, 
the automaton generating unit 3 adds 1 to the value of the 
final transition state flag column of the table pointer tp in 
step S79, and appends the record identifier rid of the record 
having the received key character String k-stras the key data 
to the received record identifier list column. In addition, it 
sets relevant information in the received record auxiliary 
information column. 
Back in FIG. 1, when the automaton generating step 

corresponding to the k-th priority key in step S111 is 
completed, control is returned to step S16, and the similar 
process is performed for the automaton am corresponding to 
the (k+1)th priority key. Thus, when Kautomatons am are 
generated or updated on all keys specified in the correspond 
ing record, control exits the loop in step S17, and is returned 
to step S12, and the common control unit of the data sort 
apparatus reads the next record belonging to the data d. 

Thus, if the record identifier is set and the automaton am 
is generated or updated on all records belonging to the data 
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d, then an end of file is detected in step S13, the process on 
the common control unit of the data sort apparatus is 
branched to step S112, thereby reaching the step of scanning 
the automaton am generated and updated to this point. In 
steps S112 through S114, the loop control is performed on 
each k-th priority key, and the sort table generating unit 4 
generates an order value tuple and a sort table corresponding 
to the k-th priority key in step S115. The operation is 
described below with reference to FIG. 8. 

In step S81 shown in FIG. 8, a record indicating a lost key 
described above is identified in the initialization for genera 
tion of the order value tuple. That is, the order value tuple 
generation unit 41 of the sort table generating unit 4 sets the 
table pointer tp in the initial state transition table tid-k 
(0)=iiii (k) of the k-th priority key automaton am (tpe-tid-k 
(0)), and sets the code index code to 0 (codes-0). (A code 
index code is described later.) Then, the value of the final 
transition state flag column of the initial state transition table 
tid-k(0)=iiii (k) is set in the same order value counters count 
(same order value counter scounte-final transition state 
flag). Thus, it is clear that there are scount records lost by 
the k-th priority key. On the other hand, the value of the read 
record number variable rr is to indicate the total number of 
records Rimax. Thus, Irr-scount=Rmax-scount records 
are to be scanned, and the lowest order value Rimax 
scount--1 is to be provided for all order values jval of the 
records having a lost key. 
The order value tuple generation unit 41 uses an area 

order value tuple work j-tplwk formed by a record identifier 
work ridwk and an order value work jvalwk to generate an 
order value tuple j-tpl. In step S81, Rimax-scount +1, which 
is an order value jval of a record having the lost key, is set 
in the order value work jvalwk (valwk-max (k)<-Rmax 
scount--1 in step S81 shown in FIG. 8). Simultaneously, 
since the value is max (k), described above with reference to 
FIG. 5C, the order value tuple generation unit 41 sets this 
value in the corresponding positions of the record order sort 
table r-st and the sort order sort table s-st in steps S82 
through S84. In step S83, the scount record identifiers in 
the received record identifier list column of the initial state 
transition table tid-k (0) iiii (k) are sequentially retrieved, 
and are substituted for the record identifier work ridwk, 
thereby completing the order value tuple work j-tplwk. 
As described above, since the order value jval for the 

record having a lost key has been completed, the order value 
tuple generation unit 41 scans the automaton am correspond 
ing to the k-th priority key in and after step S85, and 
associates the order value jval of the k-th priority key with 
each record identifier rid. At this time, the order value tuple 
generation unit 41 adopts the following strategy in and after 
step S85. That is, first, an order value index jind is used as 
an index variable for providing an order value jval. First, an 
initial value is set in the order value index jind. Then, all 
state transition tables linked, starting from the k-th priority 
key initial state transition table tid-k (0) of the automaton 
am, are scanned. At this time, the order value index jind is 
adjusted and set in ascending/descending order of the sort 
mode each time the State transition table to be accessed is 
advanced by one, and the value of the order value index jind 
is associated as the order value jval with the record identifier 
rid in the received record identifier list column of the 
corresponding state transition table. As it is clear from the 
strategy, the access order to the state transition table of the 
order value tuple generation unit 41 is to be the access order 
corresponding to the sorting order of the k-th priority key 
character string k-str. 
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10 
Thus, considering the access order when the sorting order 

of the key character string k-stris ascending order, the state 
transition table corresponding to the key character string 
k-str having the smallest value of the first character c(1), that 
is, code 0, is selected. It is the first character state transition 
table tid-k (1) pointed to by the pointer of the character 0 
reception transition destination column of the k-th priority 
key initial state transition table tid-k (0). If the final transi 
tion state flag column of the first character state transition 
table tid-k (1) is equal to or larger than 1, then it indicates 
the existence of a record having the key character strings 
k-str configured by one character of a code 0. (As described 
above, a character refers to a character unit of the key 
character string k-str. In the present embodiment, it is a 4-bit 
character. The existence of the assignment of a character in 
the actual character code system does not count.) Thus, the 
highest order value jval is associated with each record 
identifier rid entered in the received record identifier list 
column of the first character state transition table tid-k (1). 
The order value index jind is increased for the number of 
records to prepared for the next order valuejval, and then the 
second character state transition table tid-k (2) entered in the 
character 0 reception transition destination column of the 
first character state transition table tid-k (1) is accessed. 

Thus, the order value tuple generation unit 41 traces the 
tree structure of the automaton am by depth and by priority, 
and the maximum of 16 branches of the character 1 recep 
tion transition destination column from the character 0 
reception transition destination column are scanned in this 
order. The table pointertp is used to trace the state transition 
table by depth and by priority, and the code index code set 
in step S81 is used to trace the branch from the character 0 
reception transition destination column to the character F 
reception transition destination column. When a scanning 
process is completed by depth and by priority by starting 
from the branch code of a state transition table (that is, a 
value of a character code reception transition destination), 
it is necessary to perform back track control by returning the 
branch code of the starting State transition table and trans 
ferring the scanning process to the next branch. To realize 
this, the order value tuple generation unit 41 uses a back 
track stack for stacking a set of a table pointer tp and a code 
index code to perform back track control. This stack is a 
last-in-first-out type stack, and has the structure of reading 
the last pushed value by a pop instruction. 
The flowchart of the operation for realizing the above 

described strategy is given below in and after step S85 
shown in FIG. 8. In step S85, the order value tuple genera 
tion unit 41 initializes the order value index jind. The value 
of jind depends on the sort mode (ascending/descending) of 
the k-th priority key. If the Scanning process is performed in 
the above-described strategy, and when the sort mode is in 
ascending order, then the order value index jind is incre 
mented from the initial value 0. If the sort mode is in 
descending order, the order value index jind is decremented 
using the lowest order value max (k) as an initial value. 

In the above mentioned step S81, the table pointer tp 
points to the k-th priority key initial state transition table 
tid-k (0), and the code index code indicates 0. Therefore, 
when step S86 is started, the character code reception 
transition destination column contained in the state transi 
tion table of the root of the automaton am is defined as a 
starting point. Normally, the character code reception 
transition destination column of the cp-1 character State 
transition table tid-k (cp-1) node is specified, and control is 
passed to step S86. If the code index code has not reached 
X10, that is, the code index code is 0-F, then it is checked 
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in step S87 whether the character code reception transition 
destination column of the state transition table has the next 
link destination. If not, the code index code is incremented 
in step S88. If it is determined in step S87 that there is a link 
destination, then the order value tuple generation unit 41 first 
pushes the current table pointer tp and the code index code 
for a back track stack in step S89, newly sets tp character 
code reception transition destination}), which is the link 
destination, in the table pointer tp. and control is branched 
to the order value tuple generating and sort table generating 
routines in step S811. The routine is described later with 
reference to FIG. 9. 

If the target order value tuple j-tpl and sort table are 
generated and updated in step S811, then the code index 
code is incremented in step S88 to trace the branch on the 
state transition table, and it is determined in step S86 
whether there is an unprocessed branch. If the code index 
code has reached X10, then there is no further branches, the 
processes on the state transition table are completed, and the 
next branch destination is popped from the back track stack 
in step S812. Thus, the last pushed table pointer tp and the 
position of the code index code can be retrieved. 

In step S813, if the check result indicates that there is no 
popped table pointer tp. that is, the final stack has been 
processed and the entire back track process has been com 
pleted, then the entire process terminates. If there are the 
popped table pointer tp and the code index code, then the 
order value tuple generation unit 41 processes the next 
branch on the state transition table based on them in step 
S814, and control is returned to step S88, thereby continuing 
the process. 

Finally, the operation of obtaining the order value tuple 
j-tpl and updating the sort table in step SB11 is described 
below with reference to FIG. 9. The order value tuple 
generating and sort table generating routine is called by 
inputting an order value index jind, a sort mode flag Sm (k), 
and a table pointer tp., and updates as output the order value 
tuple j-tpl (provided as the order value tuple work j-tplwk), 
and the row of the record identifier rid of the record order 
sort table r-st shown in FIG. 5C. Furthermore, the sort order 
sort table s-st shown in FIG. 5B is generated as necessary. 
For example, if K=1, that is, the number of keys is 1, then 
the target sorting operation can be performed only by 
generating the sort order sort table s-St. In this case, the 
generation of the record order sort table r-st can be omitted. 
In addition, the present routine issues a predetermined order 
value jval using the input order value index jind, and finally 
updates and outputs the order value index jind for use in the 
next scanning operation. 

In step S91 shown in FIG. 9, the final transition state flag 
column of a specified state transition table tp is referred to 
so that the number of record identifiers rid for which the 
order value jval is to be issued can be obtained, and the 
number is set in the same order value counter scount. When 
the sort mode flag Sm (k) is set in ascending order, the order 
value jval is to be issued from the value of the order value 
index jind--1. Therefore, the order value work jvalwk is set 
to the value of the order value index jind--1. On the other 
hand, when the sort mode flag Sm (k) is set in descending 
order, the same order value jval is issued to the amount of 
scount, and the next lower order is to be assigned the value 
of the current order value index jind. Therefore, the value of 
the order value jval to be issued is jind-scount, and the 
order value work jvalwk is set to ind-scount. 

Then, the order value tuple generation unit 41 performs 
the loop-controlling process for the amount of scount in 
steps S92 through S94, and obtains the record identifier 
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12 
work ridwk corresponding to the order value work jvalwk in 
step S95. That is, since corresponding scount record iden 
tifiers rid are written in the received record identifier list 
column of the state transition table tp., the same order value 
work jvalwk corresponds to all these record identifiers rid. 
Thus, a corresponding record identifier rid is set for the 
record identifier work ridwk to generate the order value 
tuple work j-tplwk (ridwk, jvalwk). Simultaneously, the 
value of the order value work jvalwk is transferred to the cell 
of the K-th priority key order value jval column of the 
corresponding record identifier rid row. Thus, the record 
order sort table r-st is updated. Furthermore, if K=1, that is, 
if there is one sort key, (ridwk, jvalwk) is transferred to the 
sort order sort table s-st as well as the record order sort table 
r-st, thereby performing the target sorting operation. That is, 
if there is one key and ascending order is specified, then the 
sort order sort table s-st is filled from a higher order of the 
order value jval as the order value tuple generating operation 
as shown in FIG. 8. For example, when 20 higher order 
record identifiers rid are obtained, the purpose of the sorting 
operation can be attained during the update of the sort order 
sort table s-st although all the state transition tables of the 
automaton am are not completely scanned, thereby obtain 
ing a process result at a higher speed than in the conven 
tional data sorting technology. 
As described above, when the order value tuple generat 

ing and sort table generating and updating are performed, 
order value index jind is updated in preparation for the next 
process in step S96. In this example, since scount pro 
cesses are performed, the value of the order value index jind 
is updated to ind--scount when ascending order is speci 
fied for the sort mode flag sm (k), and to ind-scount 
when descending order is specified. As described above, 
when K sort keys are specified, the record order sort table 
r-st shown in FIG. 5C is formed according to the present 
embodiment. Corresponding to each record identifier rid, all 
cells from the first priority key order value jval to the K-th 
priority key order value jval are filled with the order values 
jval. In the record order sort table r-st, it is necessary that the 
record identifier rid having the general order value, that is, 
the record identifier rid having the equal order value jval of 
the first priority key order value jval is arranged in ascending 
order of the order value jval of the second priority key, the 
record identifier rid having the equal order values jval of the 
first to second priority key order values jval are arranged in 
ascending order of the order value jval of the third priority 
key. . . . . and the record identifier rid having the equal order 
values jval of the first to (k-1)th priority key order values 
jval are arranged in ascending order of the order value jval 
of the K-th priority key, thereby assigning general order 
values of record identifiers rid. A set of the general order 
value and the record identifier, that is, a general order value 
tuple, is generated in the order value tuple generating step 
described below. 

This step is performed by providing the generated record 
order sort table r-stas data d in the data sort apparatus shown 
in FIG. 2. That is, since each record identifier rid of the 
record order sort table r-st shown in FIG. 5C has a row of a 
plurality of order values configured by the first priority key 
order value jval, the second priority key order value 
jval, . . . , the K-th priority key order value jval, a row of the 
plurality of order values is replaced with one character string 
which is referred to as a character String belonging to the 
record identifier, and the character string is provided for the 
data sort apparatus shown in FIG. 2 relating to all tuples on 
the record order sort table as a plural order value key 
character string flk. The general order values are arranged in 
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ascending order of the plural order value key character string 
fk. Therefore, in the operation of the data sort apparatus, 
with a key number of 1 and the key item of a plural order 
value key character string flk, the sort order sort table S-st 
obtained in the operation in step S95 is a table on which 
record identifiers rid are arranged in the order of the general 
order values, thereby obtaining a predetermined result. 
The processes in the embodiments of the present inven 

tion are performed in the main storage device of a computer 
through a computer program, but the format of the computer 
program is provided as stored in an auxiliary storage device 
connected to the computer, a portable storage device Such as 
a floppy disk, CD-ROM, etc., each storage medium such as 
a main storage device, an auxiliary storage device, etc., of 
another computer connected to the network. When the 
computer program is executed, it is loaded into the main 
storage device of the computer. 
As described above, according to the present invention, an 

automaton for receiving a character string of a sort key item 
of each record is generated, the record identifier is associated 
with the final transition state, and the automaton is scanned, 
thereby realizing a high speed data sorting operation in the 
conventional data sort method. 

Additionally, the present invention can be realized in 
various other embodiments without departing from the spirit 
and the main feature of the present invention. Therefore, the 
above mentioned embodiments are only examples in various 
respects, and the present invention is not limited to these 
embodiments. The scope of the present invention is 
described in the range of the claims, and is not limited to the 
body of the specification. Furthermore, the variations and 
amendments to the scope of the claims are in the range of the 
present invention. 
What is claimed is: 
1. A data sort method of rearranging records according to 

a specified sort key item in an ascending/descending order, 
comprising: 

an automaton generating step of generating, in a main 
memory, an automaton which receives a character 
string of a sort key item of each record read succes 
sively from outside, and which is a set of state transi 
tion tables with a hierarchical tree structure whose 
hierarchical depth is equal to a maximum number of 
characters of a character string of a sort key item of 
each record, and whose transition table corresponds to 
each character of a character string of the sort key item 
of each record, and also whose state transition table 
contains links to next stage state transition tables each 
of which corresponds to a next character of a character 
string of the sort key item of each record in an ascend 
ing/descending order according to each of the next 
characters, and which associates a record identifier of 
each record with a final state transition table corre 
sponding to the final character of a character string of 
the sort key item of the record; and 

an order value tuple generating step of generating an order 
value tuple which is a set of a record identifier of the 
record and an order value which is obtained by arrang 
ing the records in an ascending/descending order by 
Scanning the automaton in order of contained links in 
the State transition tables giving priority to the depth 
direction of the hierarchy of the state transition tables. 

2. The data sort method according to claim 1, wherein 
there are a plurality of sort key items, and said order value 

tuple is a set of a plurality of order values and a record 
identifier. 
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3. The data sort method according to claim 2, further 

comprising: 
a sort table generating step of generating a sort table on 

which the order value tuples are arranged in a prede 
termined order. 

4. The data sort method according to claim 1, further 
comprising: 

a sort table generating step of generating a sort table on 
which the order value tuples are arranged in a prede 
termined order. 

5. The data sort method according to claim 4, wherein 
in said sort table generating step, a sort order sort table on 

which order values are arranged in an ascending or 
descending order is generated. 

6. The data sort method according to claim 4, wherein 
in said sort table generating step, a record order sort table 

on which record identifiers are arranged in an ascend 
ing or descending order is generated. 

7. The data sort method according to claim 6, wherein 
there are a plurality of sort key items, and a record order 

sort table is generated based on a plurality of order 
value tuples which is a set of a plurality of order values 
and a record identifier, and further comprising: 

an automaton generating step of generating an automaton 
for assuming that a row of a plurality of order values of 
the record order sort table is a character String belong 
ing to the record identifier, and receiving the character 
string as a plural order value key character string for all 
tuples on the record order sort table; and 

a general order value tuple generating step of scanning the 
automaton, and generating a general order value tuple 
which is a set of the record identifier and a newly 
ordered general order value as a general order for the 
plurality of sort keys. 

8. The data sort method according to claim 1, further 
comprising: 

a record identifier setting step of recording a tuple for 
association between a starting address of a record and 
a record identifier for identification of the record for 
each record read from input data. 

9. The data sort method according to claim 1, further 
comprising: 

a key data preprocessing step of converting input sort key 
item data into a key character string appropriate for said 
automaton generating step according to a key condition 
relating to a sort method for each specified sort key 
item. 

10. A data sort apparatus which rearranges records accord 
ing to a specified sort key item in an ascending/descending 
order, comprising: 

an automaton generating unit generating, in a main 
memory, an automaton which receives a character 
string of a sort key item of each record read succes 
sively from outside, and which is a set of state transi 
tion tables with a hierarchical tree structure whose 
hierarchical depth is equal to a maximum number of 
characters of a character string of a sort key item of 
each record, and whose transition table corresponds to 
each character of a character string of the sort key item 
of each record, and also whose state transition table 
contains links to next stage state transition tables each 
of which corresponds to a next character of a character 
string of the sort key item of each record in an ascend 
ing/descending order according to each of the next 
characters, and which associates a record identifier of 
each record with a final state transition table corre 
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sponding to the final character of a character string of Scanning the automaton in order of contained links in 
the sort key item of the record; and the State transition tables giving priority to the depth 

an order value tuple generating unit generating an order direction of the hierarchy of the state transition tables. 
value tuple which is a set of a record identifier of the 12. A computer-readable storage medium storing the 
record and an order value which is obtained by arrang- 5 program according to claim 11. 
ing the records in an ascending/descending order by 13. A data sort apparatus which rearranges records accord 
Scanning the automaton in order of contained links in ing to a specified sort key item in an ascending/descending 
the State transition tables giving priority to the depth order, comprising: 
direction of the hierarchy of the state transition tables. automaton generating means for generating, in a main 

11. A data sort program for directing a computer to 10 memory, an automaton which receives a character 
perform a data sorting process of rearranging records string of a sort key item of each record read succes 
according to a specified sort key item in an ascending/ sively from outside, and which is a set of state transi 
descending order, comprising: tion tables with a hierarchical tree structure whose 

an automaton generating step of generating, in a main hierarchical depth is equal to a maximum number of 
memory, an automaton which receives a character 15 characters of a character string of the sort key item of 
string of a sort key item of each record read succes 
sively from outside, and which is a set of state transi 
tion tables with a hierarchical tree structure whose 
hierarchical depth is equal to a maximum number of 

each record, and whose transition table corresponds to 
each character of a character string of the sort key item 
of each record, and also whose state transition table 
contains links to next stage state transition tables each 

characters of a character string of a sort key item of 20 of which corresponds to a next character of a character 
each record, and whose transition table corresponds to string of the sort key item of each record in an ascend 
each character of a character string of the sort key item ing/descending order according to each of the next 
of each record, and also whose state transition table characters, and which associates a record identifier of 
contains links to next stage state transition tables each each record with a final state transition table corre 
of which corresponds to a next character of a character 25 sponding to the final character of a character string of 
string of the sort key item of each record in an ascend- a sort key item of the record; and 
ing/descending order according to each of the next order value tuple generating means for generating an 
characters, and which associates, a record identifier of order value tuple which is a set of a record identifier of 
each record with a final state transition table corre- the record and an order value which is obtained by 
sponding to the final character of a character string of 30 arranging the records in an ascending/descending order 
the sort key item of the record; and 

an order value tuple generating step of generating an order 
value tuple which is a set of a record identifier of the 
record and an order value which is obtained by arrang 
ing the records in an ascending/descending order by 

by Scanning the automaton in order of contained links 
in the state transition tables giving priority to the depth 
direction of the hierarchy of the state transition tables. 

k k k k k 
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